energy of electrons. The neutron production yield in the (e,e'n) reactions is much less than in the case of the (,n) reactions. The cross sections of electronuclear reactions are about 3 orders of magnitude less than those for photonuclear reactions in the energy range of the therapeutic beams generated by medical accelerators.
Simple capture reactions -(n,)
Thermal and resonance neutrons can be captured by an atomic nucleus during interaction between a neutron and a nucleus. A photon is emitted by a nucleus as a result of this interaction. Energy of the photon E is equal to m· c 2 , where m (= M neut + M nuc -M' nuc ) is the difference between the sum of the masses of the neutron M neut and the nucleus M nuc before the neutron capture and the mass of the nucleus M' nuc after the neutron capture, c is the velocity of light. Therefore E is called binding energy of a neutron. The (n,) reaction can be induced by thermal neutrons for nearly all isotopes. It can also occur in the resonance neutron energy range where the cross sections of the neutron capture reactions have the high peaks (resonance peaks) for a number of isotopes. The cross sections of simple capture reactions as a function of neutron energy for the chosen isotopes are presented in Figure 2 .2. 
Method of identifications of radioisotopes
The base method of identification of the radioisotopes induced by therapeutic beams is a spectroscopy of gammas emitted by the originated unstable atomic nuclei. In this paragraph the details of the method using the high-purity germanium detector is described (energy calibration of the detection system, the use of calibration sources and verification of the calibration during measurements of the spectra of gammas emitted by the radioisotopes etc.). The complementary method of identification of the radioisotopes can be also based on the Monte Carlo computer simulation of physical processes and particle transportation inside the radiotherapy facility and in the walls, ceiling and floor of the room with a linac. The computation method based on the GEANT4 code will be described. The exemplary energy spectrum derived by the MC computer simulation will be presented and analysed.
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The high-purity germanium detector
One of the base detectors that can be applied to identify radioisotopes originated inside the radiotherapy facility is the high-purity germanium detector applied for a field spectrometry. The detector is connected to a multichannel analyzer installed in a PC computer (usually in a laptop). The work of the detector is operated by the special software. All detection system is relatively small and it can be easy displaced. The high-purity germanium detectors are characterized by a good efficiency and resolution. It makes it possible to measure the photon energies from several dozen keV to several MeV. The low-energy limit depends on the thickness of the germanium crystal shield whereas the high-energy limit is connected with the size of the germanium crystal. The energy calibration (i.e. determination of energy for each channel of the multichannel analyzer) is usually performed with the use of set of commercial calibration sources. The view of the ORTEC high-purity germanium detector and its exemplary energy calibration curve is presented in Figure 3 .1. Fig. 3.1 . The view of the high-purity germanium detector by ORTEC (1 -the aluminium shield of the germanium crystal, 2 -container with liquid nitrogen) a) and its energy calibration curve b). The following calibration sources were used to derive the calibration equation: 22 Na, 54 Mn, 60 Co, 74 Se, 133 Ba, 137 Cs, 241 Am. These seven sources give twelve points in the energy calibration curve (from 12 photons with various energies). The linear function is fitted to get the calibration equation. The square of the Pearson's correlation factor value -R 2 = 1 for the fit shows that the determined function is a good description of the obtained energy calibration curve.
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The energy calibration can be checked in the measuring place. For this purpose, the block of the 115 In isotope is located inside the radiotherapy facility (for example on the therapeutic couch) in the field of neutrons from (,n) reactions occurring during the emission of the high-energy therapeutic X-ray beam. Indium is activated by thermal and resonance neutrons. The following neutron capture reaction takes place: 
Six strong photopeaks from the deexcitation of the 116 Sn * state are used for the verification of the energy calibration of the detection system. The details of the gamma spectroscopy were presented in many publications [see for example 1, 2].
Monte Carlo computer simulation by GEANT4
The spectra of gammas from the (e,e'n), (,n) and (n,) reactions can be derived by the Monte Carlo calculations realized with the use of the computer simulations. The Monte Carlo calculation method seems to be the most comprehensive and potentially the most accurate method to derive such energy spectra. At present one of the dominant software that makes it possible to simulate the above mentioned reactions and others 1 occurring during emission of the high-energy therapeutic beams is the GEANT4 (GEometry ANd Tracking) code. This software has a form of C++ libraries prepared in CERN. GEANT4 is a good tool for modeling objects with complicated shape like a medical linac because it has plentiful predefined solid geometry types that can be combined via Boolean operations. This feature of the GEANT4 permits to make an accurate copy of the real object, which is the main condition to obtain the sensitive results. In Figure 3 .2 the visualization of a fragment of a radiotherapy facility with a linac and a patient is presented. More information on GEANT4 is on the web side of the GEANT4 project [3] and in many publications [for example [4] [5] [6] .
Radioisotopes originating from photonuclear and electronuclear reactions
The therapeutic gammas and electrons with appropriately high energy induce the nuclear reactions (,n) and (e,e'n) in which radioisotopes come into existence (see the explanation in Introduction). The therapeutic beam is collimated therefore the area of occurrence of these reactions is well determined except for the scattered gammas / electrons leaving the beam. However, the fluence of the scattered radiation outside the therapeutic beam is several 
Abundance is given after the symbol of the nucleus in parenthesis. Such way of a reaction notation is used in this chapter. The nuclei: 13 N and 15 O disintegrate by + decay and electron capture (EC) into stable nuclei. The decay schemes of these two unstable nuclei are presented in Figure 4 .1. The total cross section of the photonuclear reactions with 16 O is shown in Figure 4 .2. The activation of the air was considered by many authors (see, for example [7] ). The contemporary commercial medical linacs have usually collimator system made of tungsten. However, target and flattening filter are made of various materials, dependently on the kind and energy of the therapeutic beam and on a manufacturer of an accelerator. In Figure 4 .3 a spectrum measured under the head of one of the commercial medical accelerator with a gold target is presented. The peaks from gammas emitted by radioisotopes originating in the (,n), (e,e'n) and (n,) 2 reactions are marked. Massive accessories of medical linacs, like wedges, electron applicators etc., are often located inside a high-energy therapeutic beam and they are activated in the (,n) and (e,e'n) reactions. The linac accessories can also be activated outside the therapeutic beam, by neutrons from the photonuclear and electronuclear reactions. Massive accessory of linacs are designed to collimate the beam or to change the beam profile etc. They are often made of lead, tungsten and stainless steel. The exemplary energy spectrum of gammas emitted by radioisotopes induced in the typical medical accelerator accessory is presented in Figure 4 .6. Pb nuclei occur without emission of gammas. Thus, identification of these radioisotopes cannot be based on the gamma spectroscopy. However, appearance of the radioisotope 203 Pb decaying with gamma emission, originating from the isotope 204 Pb with abundance smallest of all natural lead isotopes indicates to appearance of the radioisotopes: 205 Pb and 209 Pb, because the (,n) cross sections are of the similar value for all isotopes of lead (the total photoneutron cross section for natural lead ~3047 mb [11] ), and the total thermal neutron cross section for 208 Pb(n,) 209 Pb is relatively high to be 0.49 b [12] . Additionally, 202 Pb can originate as a result of (,2n) reaction for the beam with a nominal potential of 18 MV or higher (photon energy threshold of this reaction ~ 15 MeV). In general, the analogical considerations can be conducted for other radioisotopes. In the presented way the appearance of the radioisotope: 59 Ni and 63 Ni can be evidenced. The first radioisotope comes into being from 60 Ni (26.2 %) in the photonuclear reaction and the second from 62 Ni (3.6 %) in the neutron capture reaction. The radioisotope 63 Ni can also originate from the photonuclear reaction with 64 Ni. The neutron capture reaction with 64 Ni can give radioisotope 65 Ni but it is not considered because of a small abundance of 64 Ni (less than 1 %). Decay schemes of 59 Ni and 63 Ni nuclei are presented in Figure 4 .9. The gammas from the decays of these tungsten radioisotopes are difficult to identify by the gamma spectroscopy because of relatively low energy. The peaks from these gammas are not visible in the spectrum measured under the accelerator head contrary to the gammas from the decay of 187 W (see Figure 4. 3). Lowenergy peaks from decays of nuclei can be concealed among peaks from scattered radiation. [11] . Decay schemes of the tungsten radioisotopes originating from photonuclear or electronuclear reactions are presented in Figure 4 .10.
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Radioisotopes originating from simple capture reactions
The neutrons from the photonuclear and electronuclear reactions induced by high-energy electron and X-ray therapeutic beams can interact with nuclei of atoms of matters inside the radiotherapy facility. The neutrons interact mainly in simple capture reactions. The (n,) reaction cross sections are particularly high in the range of thermal and resonance energies (see paragraph 2.3). Inelastic scattering of neutrons is less possible. Radioisotopes decaying by emission of  -radiation mainly come into existence as a result of the simple capture reactions whereas radioisotopes originating from photonuclear and electronuclear reactions disintegrate by electron capture or  + decay. It is connected by the fact that simple capture reactions cause the increase of a number of neutrons in a nucleus. A nucleus becomes neutron-rich and it attains more stable configuration by a change of a neutron into a proton. Analogically, photonuclear and electronuclear reactions cause the decrease of a number of neutrons. A nucleus becomes proton-rich and it attains "curve of stability" by a change of a proton into a neutron. The simple capture reactions can occur in the whole area of the treatment room, because the field of thermal and resonance neutrons is approximately uniform around the working linac [10] . Thus, radioisotopes can originate in all objects inside the treatment room, regardless of their distance from the therapeutic beam. The radioisotopes: 181 W and 185 W mentioned in the previous paragraph can also originate from simple capture reactions even outside the therapeutic beam. The radioisotope 187 W comes into existence only by the capture of neutron: 11 
n W(28.6%) W.
  
This reaction is characterized by the neutron thermal cross section of 37.9 b [12] greatest of all natural tungsten isotopes and by the relatively large resonance activation integral of 355 barns [14] . Decay of the originated radioisotope -187 W is connected with emission of gammas ( Figure 5.1) . Thus, this radioisotope can be identified by the gamma spectroscopy (see Figure 4. 3). The maximum range of electrons from the  -decay of 187 W is R m,air = 429 cm in air and R m,bt = 0.6 cm in a biological tissue 4 . 
  
The cross section for this reaction is 0.231 b at the thermal energy and it decreases for higher energy and one greater resonance of 4.685 b occurs at 5904 keV [12] . The only natural isotope of aluminum -27 Al is a material applied in the radiation absorbers located inside the primary collimator under the target and also in the construction of other components of a linac head, for example in dose chambers and in wedge trays. The decay scheme of the 28 Al radioisotope is presented in Figure 5 .3. Decay of the 28 Al nucleus is connected not only with emission of gammas but also with emission of  -radiation. The maximum range of electron from this decay is close to that from the decay of the 56 Mn nuclei i.e. R m,air = 1265 cm, R m,bt = 1.6 cm.
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The decay scheme of the 123 Sn nucleus is presented in Figure 5 .4. Electrons from the  -decay of this radioisotope have R m,air = 400 cm and R m,bt = 0.5 cm.
www.intechopen.com The neutrons from (,n) reactions taking place in the components of the medical accelerator head have a broad energy spectrum inside the radiotherapy facility (see [17, 18] The scheme of disintegration of the metastable 204m Pb state is presented in Figure 5 .5. In the previous paragraph the 209 Pb radioisotope was mentioned to be a result of the simple capture reaction. The 209 Pb nuclei disintegrate by -decay (Figure 4.8) . The maximum range of electrons from this  -decay is R m,air = 173 cm in air and R m,bt = 0.2 cm in a biological tissue. Contribution of this radioisotope to a  -radiation level around the linac head can be significant because it originates from 208 Pb -the isotope with the abundance greatest of all natural lead isotopes. Moreover, lead is often used for construction of big components of the accelerator head like radiation shields, and also for individual shields 5 for patients. Gold is often used in the construction of medical linacs, for example, connectors of wires are often made of Au (see also considerations for Figure 4 .4). Gold has a relatively high cross section of the slowed down neutron simple capture reaction -197 Au(n,) 198 Au. Therefore the radioisotope 198 Au can easy come into existence in whole accelerator room. The energy spectrum of the gamma radiation from disintegration of the 198 Au nuclei, measured after a neutron activation of gold is presented in Figure 5 .6. Decay scheme of the 198 Au nucleus is shown in Figure 5 .7. Fig. 5 .6. The spectrum of gammas emitted by the 198 Au radioisotope. The spectrum was measured after the end of the neutron activation of gold. 5 The individual shields for patients are often made of wood's melt which includes over 60 % of lead.
www.intechopen.com The simple capture reactions can be identified by binding energy of a neutron. Photons from these reactions are emitted by a nucleus immediately after capture of a neutron. However, in this case there appears the experimental difficulty connected with the fact that the gamma energy spectrum has to be measured during the occurrence of simple capture reactions. Thus, measuring apparatus has to be in the neutron field during such measurement and the neutrons interact with a detector and electronics of the detection system. The radioisotopes can be induced in materials of the detection system as a result of theses interactions. It can give an additional significant contribution to the measured energy spectrum and it can even disturb a measurement in many cases. The exemplary energy spectrum of gammas from simple capture reactions: 206 Pb(n,) 207 Pb and 207 Pb(n,) 208 Pb, induced mainly by thermal and resonance neutrons 6 is presented in Figure  5 .8. To avoid the above described problems, the spectrum was obtained with the use of the Monte Carlo calculations. 
Conclusions
The radioactivity induced inside the radiotherapy facility is a consequence of the photonuclear and electronuclear reactions as well as the neutron reactions. The following radioisotopes originate as a result of the (,n), (,2n) and (e,e'n) reactions: 13 The radioactivity inside the radiotherapy facility can be accumulated because in the majority the half-lives of the induced radioisotopes are between tens of minutes to several days. Moreover, the level of this induced radiation is connected with the kind of the therapeutic beams and the nominal potential of the beams [see 19], because the cross sections of the (,n) and (e,e'n) reactions depend on energy of gammas and electrons. The good solution of the problem of the air activation is an uninterrupted ventilation of the radiotherapy facility, which makes it possible to reduce amount of the radioisotopes of 13 N and 15 O. The longer lasting emission of the high-energy X-ray beams should be avoided if it possible.
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The knowledge of the neutron reactions taking place inside the radiotherapy facility is of great worth for designers of accelerators because elements with the large cross section of the neutron capture reactions can be eliminated from the accelerator construction. The information on the radioisotopes induced inside the radiotherapy treatment can be used in the radiological protection of the staff operating the medical accelerators.
